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SINQ - The Future of Neutron Scattering in Switzerland

G.S. Bauer

In early 1988 the Swiss parliament approved the proposal forwarded by the then Swiss Institute of

Nuclear Research, to upgrade the current of its 590 MeV isochronous proton cyclotron from

250 gA to 1.5 rnA and to use the beam passing throught the pion production targets to drive an

intense souce of neutrons for bearnhole research.

SINQ, as the new project was named, clearly was the most ambitious project for a spallation

neutron source so far approved world wide. B y and large its proton current would be an order of

magnitude higher than that of the closest facility, ISIS at Rutherford-Appleton Laboratory in the

UK. The challenge to produce, accelerate and transport the beam to the target station was taken on

by the accelerator development group and a major rebuild of the whole target system for pion pro-

duction and parts of the proton transport system was necessary to cope with the planned 6-fold

increase in beam power. This task was finished in 1991 and at present a proton current of about

500 gA can be accelerated. The necessary increase in R power on the accelerator to achieve the

full current will be implemented in steps over the next two years.

General description of SINQ

The cylotron delivering an essentially continuous stream of energetic protons, SNQ will b a cw-

neutron source and for the user it will ressemble very much a research reactor. The proton beam is

injected into a cylindrical target of about 18 cm diameter from underneath. Depending on the target

material used, up to about 10 neutrons will be set free by each proton over a distance of some 30 to

50 cm. Thus the primary neutron source of SNQ will be rather compact. It will be surrounded by a

large tank of D20 (Fig. 1) to moderate the neutrons down to thermal energies for extraction through

four pairs of twin-tube beam holes or for further moderation by a cold moderator of 20 litres of

liquid D2.

One pair of beam tubes plus a bundle of neutron guides will view the cold moderator. In order to

avoid partial rethermalization. of the cold neutrons in windows or layers of D20 between windows,

the beam tubes and the source insertion tube are connected together to form a T which is filled with

He gas. A similar T is also formed by two other tube pairs and a seccond source insertion tube. The
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use of the latter one is not yet definitively decided. It could simply hold a H20-scatterer, or a H2

cold source or a graphite hot source.

Since the lateral shielding of a spallation. neutron source must be rather massive, to protect the

experimental floor against high energy neutrons form the nuclear cascade part of the spallation

process, great care was taken to insert as much as possible of the beam tube gear into the shielding.

This includs a system of rotatable shutters, a filter holder and a drum to exchange collimators. In

this way, neutrons scattered from these pieces of equipment can be taken care of by the main source

shield.

A 35 x 50 M2 neutron hall and a 25 x 50 m2 neutron guide hall have been built to house the facility.

The target development programme

The target is the most critical component of SINQ. Safe containment of the radioactivity produced,

high material density, efficient heat removal, low neutron absorption and resistance to intense

radiation are only the most prominent ones of a large number of requirements to be met.

The original concept was to use a large quantity (ca. 100 litres) of molten Pb-Bi eutectic as target

material and to remove the heat from the -reaction zone by natural convection. This concept had a

number of attractive features:

- good neutron yield from the heavy metal

- low neutron absorption in the target material

- highest possible material density in the reaction zone

- good self-shielding properties in beam direction against high enery neutrons

- no coolant in the direct proton beam

- low melting point 125 Q allows direct water cooling

However, Bi being rather corrosive to all nickel-containing steels and many other materials, the

choices for the canning materials are very limited and no one with low neutron absorption could be

qualified. Furthennore, Bi, although of very low absorption cross section, produces 2 O-Po by

thermal neutron capture which is a much feared a-toxic and volatile material. It was mainly this

fact together with the losses to be envisaged from the target containment that led to a final change

in opinion about the target concept.

It is still true that a liquid metal target, preferrably lead, would be the most desireable option, but in

order to create enough confidence that such a target can be operated safely, a multiple-stage

programme has been initiated:
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- step one will consist of a heterogeneously cooled rod target of zircaloy in a safety container with

a separately cooled beam entry window. The coolant will be heavy water to minimize

moderation and absorption in the target itself Although the neutron flux from this target is only

35 of the optimum (see Table 1), it amounts to about 70 of the engineered Pb-Bi-target.

The main purpose of this step is to qualify the safety container with a target which in itself has

little or no isk of filure and to produce enough neutron flux for the start-up phase of the source

and its instruments.

- step two will use a similar target design but the zircaloy rods will be replaced with lead-filled

zircaloy tubes. Ibis change is expected to increase the thermal neutron flux by about 50 over

the value given for the zircaloy target, i.e. to what one would obtain from a Pb-Bi target with

steel container. Since there is a certain -risk of the tubes to be damaged by the higher expansion

of lead during thermal cycling, prior qualification of the safety container is desireable.

- step three, will be prepared in parallel to step one and two by a design and testing programme to

develop a liquid lead target with a low absorption container. It is likely that part of the liquid

metal may be pumped to produce an unambiguous cooling situation for the beam entry window.

The liquid metal target would then be surrounded by the safety container qualified in steps I and

2 with the space between surveyed for radioactivity, pressure changes or moisture. This step will

aim at coming as close as possible to the optimum performance of SINQ.

Neutron scattering instruments

As can be seen from Fig. 4,with the exception of a four circle diffractometer and a high resolution

powder diffructomer located at one beam tube pair, all first generation instruments will be situated

at neutron guides. A brief summary of the guides' specifications and their planned instruments is

given in Table 2 These spectrometers constitute a rather conventional basic set of "production

tools" and occupy less than half of the possible instrument positions in the neutron guide hall, the

remaining ones being open for more advanced machines to complement the suite at a later date.

Expected erformance

The 100 %-value of the relative flux levels given i�Table corresponds to 2xlO1 CM-2S-1 per mA

of poton current on target.. This value is derived from model calculations but agrees well with

measured data obtained from mockup-experiments.

The calculated flux distribution in the D20-moderator tank is shown in Fig. 2 The beam tube noses

and the 132-cold neutron modertaor will be located at about 25 cm from the target centre line, i.e. in

a region where the flux has fallen of only little from its peak value. Numbers are also given in Table

I for the various target options. Fig. 3 shows the calculated radial dependence of the different
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neutron energy groups in the moderator. Apart from the presence of an energy group of more than

15 MeV this is of course very similar to a reactor.

The angular distribution of this high energy is very anisotropic, decreasing by about orders of

magnitude between a viewing angle of O' to 90' relative to the target (radial versus tangential beam

tube).

It is the presence of this small fraction of neutrons above 15 MeV which causes some concern about

background levels on a cw spallation neutron source. 'Me bulk shield of SINQ is designed to cope

with these neutrons but some of them will also be present in the extracted beams. This gives rise to

an uncertainly factor in the monochromator shielding requirements on the beam tubes. It is for this

reason that it is planned to have only one pair of beam tubes equipped on day one and put most of

the effort in initial instrumentation on the cold neutron guides which are considered the real strong

part of SINQ.

Prospects

SINQ is a new development with little relevant experience to draw from world-wide. It will b the

most powerful spallation neutron source, using novel concepts and operating on a proton beam

intensity, where only minor losses can be tolerated without causing excessive activation or damage,

to components. Therefore, despite good expertise at the laboratory in the field, one must b aware

of a certain risk in any prediction one might wish to make. According to present planning,

construction work on the facility will be essentially completed in late 1994 or early 1995. The year

of 1995 will be mostly devoted to commissioning and startup procedures. Since, to-ether with

SINQ also the other targets and the beam transport line will be exposed to the full beam intensity

for the first time, careful planning and measurements are mandatory. However, there is every

reason to believe that, after this initial period, the facility can be run as reliably and efficiently as it

used to run in the past 20 years. In this situation SINQ will be among the most powerful and most

highly performing neutron sources in Europe, especially in the field of cold neutrons.

The project, therefore, does not only deserve the efforts of its highly motivated staff, but also at

least some outside interest.
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Target system Peak thermal 'lb. flux at Loss factor at

flux (CM-2S-1) 25 cm (cm-20) 25 cm radius

Pb with low

absorption container 2 x 1014 1.3 x 1014 1

Pb-Bi with
steel container 0.9 X 1014 0.85 X 1014 0.65

W-plate in 0.8 X 1014 0.6 x 1014 0.46
Al-container

Ta-plate in

Al-container 0.55 x 1014 0.45 x 1014 0.35

Pb-spheres in
Al-container 1.5 x 1014 1 X 1014 0.76

Zircaloy 0.8 x 1014 0.59 x 1014 0.45

Table ''Calculated relative performance of different target concepts for SINQ. Numbers for unperturbed fluxes

are per rnA of proton current on target. after ref. III).



Guide Angle relative Dimension curved Radius of critical Position at guide

designation to centre line Width x Height length curvature wave length Beginning Length End

of bundle (MM2) LCU, (M) RCUI () k* (A)

1R.NR1 1 -6- 50 x 120 20 1445 2.4 NN (BSS) NN (DSS) LQ F

1RNR12 -4.8' 20 x 120 20 3612 1.7 High res. Test QPL
(NiQ powder difL bench

1RNR13 -4.06 30 x 120 20 2408 1.5 Triple axis NN NN (Laue-
("DrUchal") Camera)

1RNR14 +3.20 35 x 120 20 2063 1.7 NN Pol. trips
axis

1RNR15 +4* 30 x 120 20 2408 1.5 NN NN NN

1RNRI6 +6' 50 x 50 20 1445 4.2 SANS
(NiQ

I RNR 17 +6' two times 24 1234 1.9 Reflectorneter
24.5 x 50s

First generation instrUnients NN positions available for future instruments

Table 2 Specifications of neutron guides and instrument allocating at SINQ. Guide coating is with supermirrors unless indicated otherwise (NiQ
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Fig.1 Horizontal section through the SINQ target block showing all horizontal penetrations, although

actually on different levels. The height above the floor is indicated.
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Fig. 2 Contours of undisturbed thermal neutron fluxes in the moderator
for a Pb target with a low absorption container (ref. III).
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Fig. 3 Flux distribution for various energy groups in the D20moderator
for a Pb-Bi target with steel container. The flux depression caused
by absorption in the steel is clearly visible for the thermal group. (after
ref 111)
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Fig. 4 Floor plan of the SINQ target and neutron guide halls showing the presently projected suite of instruments.


